The influence of resource availability on planktonic and biofilm microbial community 3 membership is poorly understood. Heterotrophic bacteria derive some to all of their organic 4 carbon (C) from photoautotrophs while simultaneously competing with photoautotrophs for 5 inorganic nutrients such as phosphorus (P) or nitrogen (N). Therefore, C inputs have the 6 potential to shift the competitive balance of aquatic microbial communities by increasing the 7 resource space available to heterotrophs (more C) while decreasing the resource space 8 available to photoautotrophs (less mineral nutrients due to increased competition from 9 heterotrophs). To test how resource dynamics affect membership of planktonic communities 10 and assembly of biofilm communities we amended a series of flow-through mesocosms with C 11 to alter the availability of C among treatments. Each mesocosm was fed with unfiltered seawater 12 and incubated with sterilized microscope slides as surfaces for biofilm formation. The highest C 13 treatment had the highest planktonic heterotroph abundance, lowest planktonic photoautotroph 14 abundance, and highest biofilm biomass. We surveyed bacterial 16S rRNA genes and 15 plastid 23S rRNA genes to characterize biofilm and planktonic community membership and 16 structure. Regardless of resource additions, biofilm communities had higher alpha diversity 17 than planktonic communities in all mesocosms. Heterotrophic plankton communities were 18 distinct from heterotrophic biofilm communities in all but the highest C treatment where 19 heterotrophic plankton and biofilm communities resembled each other after 17 days. Unlike 20 the heterotrophs, photoautotrophic plankton communities were different than photoautotrophic 21 biofilm communities in composition in all treatments including the highest C treatment. 22 Our results suggest that although resource amendments affect community membership and 23 structure, microbial lifestyle (biofilm versus planktonic) has a stronger influence on community 24 composition. 25 
Technologies) to create single stranded DNA following Roche 454 protocols (454 Life Sciences). Single stranded DNA was diluted and used in emPCR reactions, which were performed and subsequently Principal coordinates of OTUs were found by averaging site principal coordinate values for each OTU with OTU relative abundance values (within sites) as weights. The principal coordinate OTU weighted averages were then expanded to match the site-wise variances (Oksanen et al., 2013) .
Holmes (2014) to denote OTUs that have different relative abundance across sample classes. We were 178 particularly interested in two sample classes: 1) lifestyle (biofilm or planktonic) and, 2) high C (C:P 179 = 500) versus not high C (C:P = 10, C:P = 100 and C:P = control). A differentially abundant OTU is 180 enriched on one side of a sample class (e.g. enriched in the biofilm versus the plankton). Differential 181 abundance could mark an enrichment of the OTU towards either side of the sample class and the direction 182 of the enrichment is apparent in the sign (positive or negative) of the enrichment. Differential abundance 183 was moderated (see Love et al. (2014) ) such that the fold change OTU of an OTU across two categories 184 of a sample class can be used to rank the enrichment of OTUs that span a wide range of base abundance. 185 The DESeq2 RNA-Seq statistical framework has been shown to improve power and specificity when The specific DESeq2 (Love et al., 2014) parameters we used were as follows: All dispersion estimates 189 from DESeq2 were calculated using a local fit for mean-dispersion. Native DESeq2 independent filtering 190 was disabled in favor of explicit independent filtering by sparsity. The sparsity thresholds that produced 191 the maximum number of OTUs with adjusted p-values for differential abundance below a false discovery 192 rate of 10% were selected. Cook's distance filtering was also disabled when calculating p-values with 193 DESeq2. We used the Benjamini-Hochberg method to adjust p-values for multiple testing (Benjamini 194 and Hochberg, 1995) . Identical DESeq2 methods were used to assess enriched OTUs from relative 195 abundances grouped into high C (C:P = 500) or low C (C:P < 500 and control) categories. 196 IPython Notebooks with computational methods used to create all figures and tables as well as taking 197 raw sequences through quality control preprocessing are provided at the following URL: 198 https://github.com/chuckpr/BvP_manuscript_figures.
199
Version information for all R libraries is provided at the end of each IPython Notebook. 
RESULTS

BULK COMMUNITY CHARACTERISTICS
We first assessed the effect of the resource treatments on the dissolved chemistry and bulk community 201 characteristics of the plankton and the biofilms. In the control treatment the mean DOC level was 0.12 202 +/ 0.02 µmoles L 1 . The lower C treatment (C:P = 10) was statistically indistinguishable from the 203 control at 0.10 +/ 0.02 µmoles C L 1 . The intermediate treatment (C:P = 100) increased in DOC to 204 0.70 µmoles C L 1 before decreasing to 0.12 µmoles C L 1 at the end of the experiment, with a mean of 205 0.28 +/ 0.16 µmoles C L 1 over the course of the experiment. Only the highest C treatment (C:P = 500) 206 had DOC levels that were significantly higher (2.53 +/ 1.6 µmoles C L 1 ) than the control treatment, 207 over the course of the experiment. The high DOC levels in the highest C treatment were consistent with 208 C being supplied in excess of the metabolic requirements of the community (i.e. C saturation), but not 209 higher than what has been observed in coastal marine ecosystems.
210
This increase in DOC in the higher C treatments was associated with decreases in planktonic Chl a in 211 each treatment (Figure 2A ), however there was no significant difference in biofilm Chl a among treatments 212 ( Figure 2B ). In combination with the decrease in planktonic Chl a on the 6th day of the experiment the highest C treatment had approximately 4-fold higher planktonic heterotroph abundance than the control 214 and the 10 µM C treatment ( Figure 2D ). Similarly, biofilms had significantly higher total biomass in the 215 high C treatment compared to the other treatments ( Figure 2D ). Thus the shift in resource C:P altered the 216 pool size of both the photoautotroph and heterotroph communities. Clear differences in heterotroph and 217 photoautotroph pool size among treatments allowed us to address how shifts in pool sizes were related to 218 community membership and structure within and among plankton and biofilm communities. 
PLANKTONIC AND BIOFILM COMMUNITY STRUCTURE
Alpha diversity
We used rarefaction curves to evaluate alpha diversity in all treatments for both 220 the plankton and the biofilm communities. Rarefaction curves showed heterotroph and photoautotroph 221 OTU richness was consistently higher in the biofilm compared to the planktonic communities ( Figure 3 ).
222
For both the photoautotroph and heterotroph sequence datasets the biofilm and plankton communities (with respect to biofilm) as opposed to biofilm samples ( Figure 6 ). This is consistent with the higher alpha 242 diversity in biofilm communities compared to planktonic communities and evidence that sequence counts 243 were spread across a greater diversity of taxa in the biofilm libraries compared to the planktonic libraries 244 (i.e. biofilm communities had higher evenness than planktonic communities). Of the top 5 enriched 245 heterotroph OTUs between the two lifestyles (biofilm or plankton), 1 is annotated as Bacteroidetes, 1 246 Gammaproteobacteria, 1 Betaproteobacteria, 1 Alphaproteobacteria and 1 Actinobacteria and all 5 were 247 enriched in the planktonic libraries relative to biofilm (Table 1) . Of the 25 most enriched OTUs among 248 lifestyles only 2 heterotroph OTU centroid DNA sequences shared high sequence identity (>= 97%) with 249 cultured isolates ("OTU.32" and "OTU.48", Table 1 ). 250 We similarly assessed membership among biofilm and plankton in the photoautotroph communities.
251
Photoautotroph 23S plastid rRNA gene sequence libraries also clustered strongly by lifestyle ( Figure 5 ). Pseudomonadales. The most enriched OTU in low C mesocosms was annotated as belonging to the "HTCC2188" candidate order and shared 99% identity with a 16S sequence annotated as "marine gamma 283 proteobacterium HTCC2089" (accession AY386332). We only observed differences at the community 284 level between high and low C amendments in the heterotroph communities and therefore did not assess 285 differential abundance of OTUs between high and low C treatments in photoautotroph communities. 286
DISCUSSION
BIOMASS POOL SIZE
The goal of this study was to evaluate how changes in available C affected the biomass pool size and 287 composition of planktonic and biofilm communities. Our results suggest that C subsidies increased 288 heterotroph biomass in both plankton and biofilm communities. C amendments also resulted in decreased 289 photoautotroph biomass in the plankton community, but there was no significant change in biofilm 290 photoautotroph biomass between resource treatments. Although the DOC concentration in the highest 291 C treatment was significantly higher than the other treatments, the concentrations we measured were in 292 the range of those reported in natural marine ecosystems (Mopper et al., 1980) and it is has been noted 293 that glucose concentrations in coastal marine ecosystems may fluctuate over several orders of magnitude 294 (Alonso and Pernthaler, 2006) . The changes in the biomass pool size that did occur were consistent 295 with changing relationships (commensal to competitive) between the autotrophic and heterotrophic 296 components of the plankton communities but not necessarily of the biofilm communities. While we 297 recognize that other mechanisms may drive the shift in biomass pool size of these two components 298 of the microbial community (e.g. increased grazing pressure on the photoautotrophs with C additions, 299 or production of secondary metabolites by the heterotrophs that inhibit algal growth) previous studies 
BIOFILM AND PLANKTON ALPHA AND BETA DIVERSITY
Beyond changes in the biomass pool size of each community, we explored how shifts in resource C 304 affected the membership and structure of each community, and the recruitment of plankton during biofilm 305 community assembly. Intuitively, shifts in planktonic community composition should alter the available 306 pool of microorganisms that can be recruited into a biofilm. For example, if planktonic diversity increases, 307 the number of potential taxa that can be recruited to the biofilm should also increase, potentially increasing 308 diversity within the biofilm. Similarly, a decrease in mineral nutrients available to photoautotrophs 309 should decrease photoautotroph pool size, potentially decreasing photoautotroph diversity and therefore 310 candidate photoautotroph taxa that are available for biofilm formation. In addition, C in excess of resource 311 requirements may increase the production of extracellular polysaccharides (EPS) by planktonic cells thus 312 increasing the probability that planktonic cells are incorporated into a biofilm by adhesion. Each of these 313 mechanisms suggest that an increase in labile C to the system should result in increased alpha diversity 314 in heterotrophic plankton and heterotrophic biofilm communities while decreasing alpha diversity within 315 both planktonic and biofilm photoautotroph communities. 316 We highlight three key results that we find important for understanding aquatic biofilm assembly.
317
First, biofilm community richness exceeded planktonic community richness ( Figure 3 ) in all mesocosms.
318
Second, for the control, C:P = 10 and C:P = 100 resource treatments the membership and structure of 319 the heterotroph biofilm and plankton communities were more similar within a lifestyle (plankton versus 320 biofilm) than within a resource treatment. However, for the bacteria in the highest C treatment (C:P = 321 500) both membership and structure of biofilm and planktonic communities at day 17 were more similar 322 to each other than to communities from other treatments ( Figure 5) . Third, C subsides acted differently 323 on the photoautotroph and heterotroph communities. Specifically, while the highest level of C subsidies 324 (C:P = 500) resulted in a merging of membership in the heterotroph plankton and heterotroph biofilm 325 communities the same merging of membership was not observed for the photoautotroph biofilm and 326 plankton communities which had distinct membership in all treatments. 327 We propose two potential mechanisms for the increased richness of the biofilm communities relative 328 to the planktonic community richness. First, it is possible that the planktonic community composition of 329 our flow through incubators was dynamic in time. In this case the biofilm community would represent 330 a temporally integrated sample of the planktonic organisms moving through the reactor resulting in 331 higher apparent alpha diversity (i.e. mass effects would be the dominant assembly mechanism). Second, 332 the biofilm environment may disproportionately enrich the low abundance members of the planktonic 333 community. In this case it is probable that the biofilm would incorporate the most abundant members 334 from the planktonic community (i.e. mass effects) but also select and enrich (i.e. species sorting) the 335 least abundant members of the planktonic community resulting in a higher level of detectable alpha 336 diversity. The second mechanism would result if the biofilm environment represented a more diverse 337 microhabitat including sharply delineated oxygen, nutrient and pH gradients that are not present in the 338 planktonic environment. In this case the more diverse microhabitat would be able to support a more diverse 339 community due to an abundance of additional environmental habitats (i.e. niches). 340 We evaluated the first mechanism by comparing membership among the plankton samples taken 9 341 days apart (day 8 and day 17). While heterotrophic plankton communities were not identical between 342 the time points ( Figure 5 ), communities within a treatment were more similar to each other than other 343 heterotroph plankton communities regardless of time. In addition, the control and two lowest C treatments 344 (C:P = 10 and C:P = 100) separated completely from biofilm communities in principle coordinate space 345 (Bray-Curtis distance metric). This suggests that the biofilm community was not integrating variable 346 bacterioplankton community membership, but rather was at least in part selecting for a community that 347 was composed of distinct populations when compared to the most abundant members of the plankton 348 community. As noted above, in the highest C treatment (C:P = 500) the heterotroph biofilm and plankton 349 community membership had significant overlap at the final timepoint ( Figure 5 ). However, heterotrophic 350 plankton community composition for the highest C treatment among timepoints (8 and 17 days) were 351 also qualitatively as similar to each other as any other community. Thus, variable planktonic community 
CONCLUSION
In summary this study shows that changes in low resolution community level dynamics are concurrent 453 with changes in the underlying constituent populations that compose them. We found that autotrophic 454 pools and heterotrophic pools responded differently to amendments of labile C as hypothesized. Notably 455 while C amendments altered both pool size and membership of the heterotroph communities we did not 456 see similar dynamics within the photoautotroph communities. Planktonic photoautotrophs decreased in 457 response to C amendments presumably in response to increased competition for mineral nutrients from 458 a larger heterotroph community, however there was not a similar decrease in biofilm photoautotroph 459 community. In addition membership of the photoautotroph communities between the plankton and biofilm 460 lifestyles did not become more similar in the photoautotrophs as it did for the bacterial heterotrophs Figure 1 . Carbon subsidies in the form of glucose alleviate the dependence of heterotrophic bacteria on photoautotroph derived C exudates. This should result in an increase in resource space and biomass for heterotrophs and a decrease in resource space and biomass for photoautotrophs due to increased competition for mineral nutrients (for simplicity we illustrate competition for P but this is equally applicable other elements that may limit primary production). We hypothesized that this predicted change in biomass pool size of these two groups will result in changes in the plankton community composition of both groups that will propagate to to the composition of biofilm communities for both groups. We refer to shifts in the demand and availability of resources among components of the microbial community as 'partitioning. Blue rods represent heterotrophs, green stars represent photoautotrophs, brown diamonds represent EPS or other cohesive components of a biofilm. Figure 2 . Increased C amendments diminished A) planktonic photoautotroph biomass (estimated as Chl a) but B) not biofilm photoautotroph biomass. In contrast, both C) biofilm total biomass and D) number of planktonic bacterial cells increased with increasing C subsidies. Only the highest C treatment produced biomass that was significantly greater than (p < 0.05) the other treatments (significant differences among treatments are denoted by different letters). The bacterial abundance sample for the C:P = 100 treatment was lost before analysis and is therefore not reported in panel D. 
